could be used as a potential alternative antioxidant for synthetic antioxidant.
The objectives of this study were to extract essential oil from star anise using solvent extraction method, to determine the yields and antioxidant activities of essential oils at different extraction times and temperatures, to determine the quantity of transAnethole present in star anise essential oil using high performance liquid chromatography (HPLC), as well as tovalidate the presence of Anethole in star anise using Gas Chromatography-Mass Spectrometry (GC-MS).
MATERIALS AND METHOD

Collection of star anise
Star anise dried fruits were purchased from Tong Chun Tang traditional medicine store, Batang Kali, Selangor. The star anise fruits originated from Guangxi province, China. Star anise fruits were stored in plastic bags covered with newspapers to protect them from direct light. Finally, they were kept at room temperature.
Soaking of star anise
50g of dried star anise fruits were weighed using analytical balance (Model: ATX 224, Shimadzu, Japan). The whole star anise fruits were divided into separated carpels and were blended using blender (Model: MX-800S, Panasonic) for 20 seconds. The ground star anise was dissolved in 250 ml of absolute ethanol (ratio of crushed star anise to the ethanol was 1:5, w/v) for a given time (1, 3, 5, 7 and 9 days) at different temperatures (30, 40, 50, 60 and 70 °C).
Extraction of essential oil from star anise
This method was adapted from the work of Thuat and Ngoc (2010) with some modifications 6 . After the extraction time, the solution and solid part were separated by filtration using Whatman filter paper. The brown coloured filtrate was concentrated to volume of 100 ml using rotary evaporator (Model: Hei-vap Precision MLG3B, Germany) at 40 °C. The 100 ml concentrate was mixed with 100 ml of petroleum ether and 100 ml of dH 2 O. The mixture was shook vigorously. After some time of settling, the petroleum ether solution (the upper layer) was dried over anhydrous Na 2 SO 4 . The petroleum ether solvent was removed using rotary evaporator to obtain essential oil. All the essential oils were stored in bijou glass bottles in dark condition at 4 °C before analysis.
Qualitative test using DPPH on TLC
This test was adapted from the work of Saleh and research group (2010) with a slight modification 7 . 10 µl of oil sample was spotted on a 10 x 10 cm silica glass plate. The plate was developed into 95:5, v/v toluene/ ethyl acetate as a mobile phase. After evaporation of the solvent, the plate was sprayed with 0.004 % solution of 2,2-diphenyl-1-picrylhydrazyl (DPPH). The antioxidant activity was detected after 30 minutes. The yellow spots appeared from the reduction of DPPH was taken as positive results.
Quantitative test using DPPH scavenging assay
The antioxidant activity of star anise essential oil was measured in term of radical scavenging ability, using the stable free DPPH radical. This method was adapted from the work of Brand-Williams, Cuvelier and Berset (1995) with some modifications [8] . Stock solution (1mg/ml) was twofold diluted to different concentrations (0.0625, 0.125, 0.25, 0.5 and 1 mg/ml) with methanol. An aliquot of each dilution, about 1 ml was mixed with 1 ml of 0.004 % methanolic DPPH (0.004 g of DPPH in 100 ml of methanol). The mixture was vortexed and incubated in the dark at room temperature for 30 minutes. The absorbance was measured at 517 nm against a blank (1 ml of methanol with 1 ml of methanolic DPPH without the test oil) using spectrophotometer (Model: Genesys 20 4001/4). The radical scavenging activity or antioxidant activity (%) of each concentration of oil was calculated using the following formula:
The test was performed in triplicate. The antioxidant activities of the essential oils were expressed as EC 50 , defined as the oil concentration in mg/ml required to scavenge 50 % of the DPPH free radical. BHT was used as positive control.
HPLC analysis
HPLC analysis was performed using Prominence, Shimadzu, Japan. The separation column was Hypersil C18 column (250 mm x 4.6 mm, 5 µm). Essential oil was dissolved in acetonitrile (1 mg/ml). The sample was filtered using syringe with 0.45 µm filters prior to being filled into the vial. 5 ul of sample was injected into HPLC system and the injector temperature was 30°C. A gradient elution system using mobile phase of 15 %-65 % of acetonitrile with a flow rate of 1 ml/min for 45 minutes was used to identify the compounds present in the star anise essential oil.The detection wavelength was 275 nm.GC-MS analysis of the star anise sample was also done using GCMS 5977A from Agilent Technologies.
RESULTS AND DISCUSSION
The extraction yields of essential oils
Maximum yield of star anise essential oil (8.56 %) could be obtained by soaking star anise at 60 p C for 7 days (Table 1 ). In contrast, extraction of essential oil at temperature of 30 p C for 1 day gave minimum yield of essential oil (4.62 %). It was about 46.03 % less of extraction yield compared to the sample extracted at 60°C for 7 days.
There was contradictory report from previous researchers. From the previous study done by Ngoc (2006) , dried star anise fruits have an essential oil content of 8-10 % 9 . The extraction yield of star anise essential oils in this study was 4.62-8.56 %, which was lower than that of extracted in previous study done by Ngoc . Different extraction yield of essential oil content might be due to several factors such as different geographical locations of the botanical materials, varying in cultivation condition, climate as well as post-harvest factors 10 .
Besides, it was observed that the yield of essential oil increased slightly with increasing extraction time and temperature until a certain point. This result was in accordance with Dent and coworkers' (2012) study, reflected that yield increased with increasing extraction temperature and extraction time 11 . At temperature of 30°C, the extraction yield increased gradually with days. This result was in accordance with Kumar's previous study (2010) , stated that the longer the extraction time, the longer the contact time of the plant material with the solvent and hence more yields of complete oil 12 . For temperature of 40°C and 70°C, the extraction yields decreased when star anise soaked for more than 5 days. Same behavior was observed at temperature of 50°C and 60°C, the yields decreased with an increase in extraction time at 9 days. This may be due to the loss of solvent by evaporation when extraction time and temperature increased simultaneously during extraction. 1  3  3  3  3  3  3  3  2  3  3  3  5  2  3  3  3  3  7  3  3  3  3  3  9  3  3  2  2 3 For star anise soaked for 1, 3 and 7 days, the yield of essential oil increased from 30°C to 60°C. The extraction yield decreased with a further increase in temperature at 70°C due to loss of solvent and volatile oil at high temperature. The increase of extraction yield with increasing extraction time and temperature may be due to increased solubility and diffusion coefficient 11 . In this present study, the extraction temperature of 60°C and the extraction time of 7 days were the best condition to increase the extraction efficiency of star anise essential oil. It is therefore suggested that an extraction temperature of no higher than 60°C is employed.
Qualitative test using DPPH on TLC
All the star anise essential oils extracted at varied extraction times and temperatures showed antioxidant activities ( Table 2 ). The degree of antioxidant activity of all samples was determined qualitatively from observation of the yellow colour intensity. Based on the yellow intensity of the bands on the chromatograms, the essential oil from star anise extracted at 60°C and 70°C for 1 day, 3 days, 5 days, 7 days and 9 days apparently showed stronger antioxidant activity than those extracted at 30°C, 40°C and 50°C.
Besides, it was observed that at least two different bands with antioxidant activity with different polarity were appeared on the TLC plate after spraying with DPPH and incubated for 30 minutes. (Figure 1-5) . Samples extracted at 30°C for five days, 40°C for three days, 50° C and 60°C for nine days had two active bands while the rest of the samples showed three active bands with antioxidant activity (Table 3 ). The R f values of the active bands in all samples were in the range of 0.41 to 0.65.
Quantitative test using DPPH scavenging assay
The radical scavenging activity or antioxidant activity (%) of each concentration of oil and BHT were calculated using the formula (Equation 1) and the results were shown in Table  4 . Generally, all the samples extracted at 303.3°C for 1, 3, 5, 7 and 9 days showed low antioxidant activity, which was below 60 %. Figure 6 showed that the antioxidant activity (%) of essential oils extracted at 30°C increased steadily with increasing concentration from 6.25 x 10 -3 mg/ml to 1.00 mg/ml. The antioxidant activity of each sample was then expressed as EC 50 , which is the concentration of sample required to decrease the initial DPPH free radical by 50 %.
It was observed that star anise essential oil extracted at 30°C for 1 day had the greatest EC 50 value of 0.973 mg/ml (Table 5 ). This means that the essential oil extracted at 30°C for 1 day had lowest antioxidant activity as it required 0.973 mg/ml to scavenge 50 % of the free DPPH radicals. The EC 50 values for samples extracted at 30°C for 3 days (0.967 mg/ml), 5 days (0.928 mg/ml), 7 days (0.893 mg/ml) and 9 days (0.622 mg/ml) were declined gradually. This indicated that the degree of antioxidant activity increased with increasing extraction time at 30°C. This might be due to longer contact time of star anise with solvent and hence increased the rate of extraction of potential active compounds with antioxidant activity 12 . The ascending order for the antioxidant activity was 1 (30° C) < 3 (30°C) < 5 (30°C) < 7 (30°C) < 9 (30°C).
The antioxidant activity (%) of all the star anise essential oil extracted at 40°C was above 60 % (Table 4 and Figure 7 ). The EC 50 value for essential oil extracted at 40°C for 1 day was 0.585 mg/ml ( Table Table 11 antioxidant.The order of antioxidant capacity for samples extracted at 40°C was 1 (40°C) < 9 (40°C) < 7 (40°C) < 5 (40°C) < 3 (40°C).
In general, the antioxidant activity (%) of star anise essential oils extracted at temperature of 50° C was higher than 70 % (Table 4 and Figure  8 ). According to Table 7 , essential oil extracted at 50 p C for 1 day showed EC 50 value of 0.098 ± 0.06 mg/ml. The concentration of essential oil needed to scavenge 50 % of DPPH radical increased from day 1 to day 7. However, there was a marked decrease of concentration of essential oil to scavenge 50 % of the radicals. The antioxidant power of sample extracted at 50°C for 9 days (0.099 ± 0.06 mg/ml) was as good as the sample extracted for 1 day. In other words, essential oil extracted at 50°C for 1 day was the strongest antioxidant, followed by those essentail oil extracted at 9 days, 3 days, 5 days and 7 days.
All the essential oils extracted at 60°C showed antioxidant activity greater than 70 % (Table 4 and Figure 9 ). The results in Table 8 showed that essential oils extracted at 60°C for 1 day was the strongest antioxidant. This was because only 0.089 ± 0.05 mg/ ml of essential oil was needed for the scavenging activity of free radicals. The antioxidant power was decreasing in the order 1(60° C) > 5(60°C) > 7(60°C) > 3 (60°C) > 9 (60°C).
Compared with essential oil extracted at 60 p C for 1 day (EC 50 value= 0.089 ± 0.05), essential oil extracted at 60 p C for 9 days (EC 50 value= 0.583 ± 0.34) showed a significant difference in term of concentration in mg/ml necessary to scavenge 50 % of the DPPH radicals. The antioxidant activities of star anise essential oils extracted at 60° C were undulated with increasing extraction time. This might be due to the possible synergistics effects of different compounds on the total oil antioxidant activity 13 .
All the star anise essential oils extracted at 70°C for varied extraction time showed antioxidant activity (%) above 70 % (Table 4 and Figure 10 ). Since lower EC 50 value indicated higher antioxidant activity, essential oil extracted at 70 p C for 3 days exhibited stronger antioxidant activity than essential oil extracted for 1 day. The EC 50 value for essential oil extracted for 3 days and 1 day were 0.100 ± 0.06 mg/ml and 0.135 ± 0.08 mg/ml respectively as shown in Table 9 . Essential oils extracted more than 3 days, which were 5 days, 7 days and 9 days showed decreasing of antioxidant power as the EC 50 value increased markedly from 0.100 ± 0.06 mg/ml to 0.310 ± 0.18 mg/ml. The antioxidant activity was in order 3 (70°C) > 5 (70°C) > 7 (70° C) > 1 (70° C) > 9 (70°C).
There was an increase in antioxidant activities of star anise essential oils from 30°C to 50° C. This might due to ambient or physiological temperatures could reduce thermal degradation of volatile essential oil 14 . The antioxidant activities of star anise essential oils decreased slightly at 60°C. This was in agreement with Dent and research group (2012), stated that degradation of phenolic compounds may occured at temperature of 60° C
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. At temperature 70°C, the antioxidant activities of star anise essential oils increased moderately. Typically, antioxidant activity decreased with increasing temperature, but it does not have universal validity 15 .
In this quatitative antioxidant test using DPPH method, a well known synthetic antioxidant, namely butylated hydroxytoluene (BHT) was used as positive control. The concentration of BHT for a 50 % scavenging activity was about 0.018 mg/ml [16] . In this study, 0.016 ± 0.01 mg/ml of BHT was required in scavenging action towards DPPH free radicals (Table 10) .By comparing the antioxidant activity of star anise essential oil with BHT, it was revealed that antioxidant activity of essential oil from star anise was comparable with the synthetic antioxidant BHT, particularly essential oils that were extracted at temperature 50°C and 60°C.
HPLC and GC-MS analysis
The HPLC chromatogram of standard transAnethole with retention time of 35.487 minutes was shown in Figure 11 . It was observed that the highest peaks of all samples have a retention time near to the retention time of standard trans-Anethole, which was around ±35 minutes. Similarities of the highest peak and retention time between samples and standard trans-Anethole in the HPLC chromatogram confirmed that trans-Anethole was present in star anise essential oil. In order to identify the concentration (%) of trans-Anethole present in all the essential oils, a standard curve of trans-Anethole was plotted ( Figure 12 ). The retention times, peak areas, area percentage and concentration (%) of trans-Anethole for all samples were shown in Table 11 .
All the star anise essential oils had high area percentage of trans-Anethole, which was ranged from 77.29 % to 91.87 %. High percentage area indicated trans-Anethole was the most abundant compounds in all the star anise essential oils. Similar results were reported previously by Chempakam and Balaji (2008) , stated that the main component of star anise essential oil is transAanethole, which accounts for 80-90 % 4 . From GC-MS analysis, Estragole was found to have the most significant peak with peak area 100% at retention time 13 .840 minutes as shown in Figure 13 and 14 and Table 12 .Estragole was found at the tenth peak. Anethole was also found at two peaks which were peak 11 and 12 as shown in Figure 15 and Figure  16 . Thus, the data validates the presence of Anethole in the star anise sample.
In addition, it was observed that the concentration (%) of trans-Anethole in the star anise essential oils varied considerably as function of temperature and extraction time. Generally, star anise essential oils extracted at 40°C, 50°C, 60°C and 70°C contained relatively high concentration (%) of trans-Anethole compared to essential oils extracted at 30°C. As temperature increases, higher mass fraction of trans-Anethole was extracted. It was in agreement with Chen and co-workers' finding (2007), which concluded that higher temperature will reduce the solvent viscosity and facilitate the diffusion of molecules, resulting to an increase of extraction efficiency 17 .
Besides, it was found that the concentration (%) of trans-Anethole corresponded to the antioxidant activities of star anise essential oils. This statement was in agreement with Padmashree and research group (2007), reported that the antioxidant activity is due to high percentage of trans-Anethole, which is more than 80 % 18 . In the present study, star anise essential oil extracted at 60°C for 1 day has the highest concentration of trans-Anethole (91.61 %) and antioxidant activity (EC 50 =0.089 mg/ml) while star anise essential oil extracted at 30°C for 1 day has the lowest concentration of trans-Anethole (45.03 %) and antioxidant activity (EC 50 =0.973 mg/ ml). Therefore, it might be possible to infer that trans-Anethole found in the samples contributed to the antioxidant activities of the essential oils.
CONCLUSION
Essential oil from star anise was successfully extracted using solvent extraction method. Different extraction times (1 day, 3 days, 5 days, 7 days and 9 days) and temperatures (30°C, 40°C, 50°C, 604.0° C and 70°C)did affect the yield of essential oil. The best condition to obtain the highest yield (8.56 %) of essential oil was at temperature of 60°C with an extraction time of 7 days. A rapid screening using DPPH assay on TLC showed thatat least two different yellow spots with antioxidant activity with different polarity were appeared on all TLC plates at solvent system 95:5, v/v toluene/ ethyl acetate. In addition, the highest antioxidant activity of star anise essential oil was observed when the sample was extracted at 60°C for 1 day (EC 50 value = 0.089±0.05 mg/ml).From the HPLC analysis results, samples with higher trans-Anethole concentration have higher antioxidant activities. Star anise essential oil extracted at 60° C for 1 day showed the highest concentration (%) of trans-Anethole (91.61 %) while essential oil extracted at 30°C for 1 day showed the lowest concentration (%) of trans-Anethole (45.03 %). The antioxidant activity of the high level of transAnethole-containing star anise essential oil was comparable with the synthetic antioxidant BHT.
